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A Model: Upper-Tail Knowledge and Industrialization

In this section, we provide a simple model of spatial techggldiffusion that connects the histor-
ical evidence discussed above with the empirical analysisfollows below. The model distin-
guishes between worker skills and upper-tail knowledgeobpreneurs. We present a mechanism
where upper-tail knowledge enables local entrepreneunsgoovetheir technology, while worker
skills raise the productivity for giventechnology. This yields differential predictions for homet
two types of human capital affect income and economic grdefbre and after industrialization.

The model features = 1, ..., IV regions with given land endowment. In each region, there is a
massL >> 1 of workers who supply one unit of labor inelastically in egeriod. Worker skills
h,, vary across regions. In addition, there are [0, 1] entrepreneurs who produce intermediate
goods in manufacturing. A shasg of entrepreneurs in regiondisposes of upper-tail (scientific)
knowledget

There is no saving, so that all income is consumed in eacbghelm any given period, work-
ers optimally choose between working in two sectors: agfucel (A) and manufacturing/ /).
The latter is performed in cities, so that the manufactulatgr share also reflects urbanization.
We keep the model tractable by followittansen and Prescq®002 in assuming that agricul-
tural and manufacturing goods are perfect substitutes ddiitian, we assume that workers and
entrepreneurs are immobile, operating within their regibarigin.2

Sector-specific wages in each region depend on both typesefledge. First, average worker
skills affect the efficiency of production in both sectorst to a lesser degree in agriculture. Sec-

To distinguish between their effects on development, werassthath,, ands,, are independently distributed
across regions. This also reflects the observation thatistarital proxies for the two types of human capital, ligra
and subscriber density, are uncorrelated across Freneintdemts.

2Relaxing this assumption by allowing fopstly migration would yield very similar cross-sectional preitins.

The historical literature documents substantial mobilityparticular of elites — merchants and legal officials were
more mobile than artisans or unskilled workeBefedict 2005. Nevertheless, in Append2.3 we show that more
than half (52%) of the “famous” people in scientific profess were born and died in the same city in France before
1887 (and this number is even higher when excluding Parig4)64
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ond, highly skilled entrepreneurs can raise productivitynanufacturing. Because we focus on
differential development in the cross-section, we taketjgregate technology frontigras given.
We then study the effects whehgrows (exogenously) over time. Growinphas two interpreta-
tions that are both in line with the historical evidence:httFrance was a follower country, with
most technological progress coming from Britain; and ii)renbroadly, that the frontier of useful
knowledge expanded during the period of Industrial Enkgintent and that this knowledge be-
came more accessible due to the emergence of “open scid¢ay, (Mokyr, and O Grada2014).
The latter interpretation allows for the possibility thaaRce also innovated (as suggested by the
historical evidence in Sectio®.1), instead of merely adopting existing technoldgginally, all
relevant cross-sectional predictions of our model can beetkin partial equilibrium, taking the
price of output (in both sectors) as given and using it as tmearaire.

A.1 Production

Each worker supplies one unit of labor and chooses a sectmpfoyment at the beginning of
each period. Technology in all sectors exhibits constantme, so that the scale of production is
not important. We denote total labor in secfoe {A, M} in regionn by L;,,. In the following,
we characterize the production technologies used by theéetors. Agricultural output in region
n is given by

Vi = AahfAXIA LY (A.1)

whereX is land endowmenty 4 is the share of land in production, and reflects the sensitivity
of agricultural productivity with respect to worker skiflswe assume that there are no property
rights to land, so that wages in agriculture are given by Hegame produci,, = Ya /L4

Xn o n oA
wap = AghB [ Z) = A () (A2)
LA,n lA,n

wherels, = La,/L is the agricultural labor share, ang is land per worker in regiom.>
Note that agricultural wages increase if the labor shargiitalture declines, because this leaves
more land for each remaining peasant. Thus, growth in matwrfag indirectly raises wages in

3The second, broader, interpretation also reflects theridat@ccount that upper-tail knowledge was crucial for
both innovation and adoption. Consequently, distinguighietween these two dimensions (as for exampain-
denbussche, Aghion, and MeghH006 is not crucial for our results.

“4In growth models and development accountimgypically multiplies L directly, reflecting the average impact of
schooling on productivity via Mincerian returns (&Biils and Klenow 2000. By using differents; for j € {A, M},
we allow these returns to vary across sectors, i.e., we dtlosector-specific returns to worker skills.

SAlternatively, we could assume that workers earn their nnaigroduct, while landlords earn rents from land but
are not active as workers or entrepreneurs. Then, u$ings A4/(1 — «) instead ofA 4 would leave the rest of the
model unchanged.
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agriculture.

Our modeling of the manufacturing sector buildsAcemoglu, Aghion, and Zilibott{2006.
The setup embeds a role for entrepreneurial skills in theufa@turing production process; it also
has the advantage that it reduces to a simple aggregategbiadéunction. The final manufac-
turing good is produced under perfect competition by firmeg thse labor and a continuum of
intermediates as inputs. The technology exhibits cons&uains, so that we can focus on aggre-
gate output in manufacturing, produced by a representfitiven the final sector:

1
YM,n - 5 ’ (/ AM,N(i)l_aMZn(i)aMdi) (thLMm)l_aM (A3)
0

where¢ is a constantz, (i) is the flow of intermediate goodin final production,L,,,, is total
labor in manufacturing?,, is the sensitivity of manufacturing production with respicworker
skills, anda,; denotes the share of intermediates in final productibriermediates are produced
by entrepreneurs under monopolistic competition. Eacteprgneui € [0, 1] produces a specific
intermediate by transforming one unit of the final good into one unit of theermediate. Thus,
the marginal cost is identical for all entrepreneurs. Haevethe productivity with which interme-
diates enter final production,, (i), differs across entrepreneur$ We study the evolution of
productivity as a function of entrepreneurial skills below

Solving the entrepreneurs’ optimization problem yieldswae expression for aggregate man-
ufacturing output (see Appendi 1 for detail):

1
YM,n = AM,nthLM,na with AM,n = / AMW(’L)CZ’L (A4)
0

Thus, aggregate manufacturing productivity, ,, is a simple linear combination of individual
entrepreneurial efficiencie$,, (). The first order condition ofA.3) with respect td.,, ,, implies

5We assume that the elasticity of manufacturing productiith vespect to worker skill$,,; remains unchanged
when productivityA,, ,, grows. In other words, we assume that technological chasigeuitral with respect to
worker skills (but not with respect to entrepreneuriallskil The historical evidence discussed in the paper suggest
that technological change during the first Industrial Retioh was biased towards unskilled workers (@fRourke,
Rahman, and Taylp2013. Introducing this into our model (e.g., vigw, depending negatively od,, ) would
dampen the increase in industrial wages relative to aguiBsA,, , rises. However, unless taken to the extreme,
this effect would not reverse the net income gains and thtushmange our qualitative results. In fact, this extension
would further diminish the role of worker skills during instuialization.

"Effectively, higherA,, ,, (i) raises the demand for intermediate final production, but it does not affect the unit
cost ofi. This approach ensures tractability. It can be motivatedekxample, by interpreting ; ,, (i) as the quality
of intermediatei, so that more productive entrepreneurs produce higheitguatermediates at the same marginal
cost. Note, however, that productivity can still be intefed as the standard quantity-related concept: in equilir
entrepreneurs with high () sell more and make higher profits, so that our setup is akin &itarnative that loads
productivity differences on marginal costs.
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that a sharé — « of final output is paid to labor. Combining this witA.@) yields the wage rate
in manufacturing:
w]\/[,n = (1 — OJM)AM’nhfLM (A5)

Finally, we assumeg,, > 4, i.e., that manufacturing production is relatively morastve with
respect to worker skills. This assumption matters for cgEsgional predictions in our model,
but it does not affect growth. In the following, we study theoleition of productivity, where
entrepreneurial skills play a central role.

A.2 The Evolution of Productivity

The technological frontier at timeis given by A, and it grows at an exogenous rate,. The
frontier affects the productivity of individual entrepeirsi at locationsn, as represented by the
productivity process

AJV[,n,t(i) = 77121t + (I—n) (1 + 7(i) %’x,t) Anni—1 (A.6)

wheren € (0,1), andr(i) reflects two types of entrepreneurs(i) = 1 for those with upper-
tail (scientific) knowledge, and(i) = 0 for the remainderA,,,,—, iS aggregate manufacturing
productivity at locationn in the previous period (described in more detail below). fefipret
(A.6), consider first an entrepreneur witfti) = 0. In this casey; > 0 guarantees that at least
some innovation trickles through, and entrepreneuriatipetivity is the closer to the frontier the
larger isn. We refer to this mechanism as (passive) catchup.

Next, consider highly skilled entrepreneurs witfi) = 1. These also experience catchup, but
in addition they actively improve their productivity, byethatey 4 , relative to the initial local pro-
ductivity Ay ,..—1 . We refer to this process as “knowledge effect” — highlylskilentrepreneurs
improve local technology by keeping up with technical pesgrat the frontier. This reflects several
dimensions of the historical evidence discussed in Se@idrrst, more scientifically savvy en-
trepreneurs were more likely to know about the existencewftechnologies, which reduced their
search costs and raised the likelihoo@dbption® Second, they couldperatemodern technology
more efficiently because of a better understanding of theuyidg processes. Third, scientific
knowledge made furthénnovativeimprovements more likel} Importantly, the “knowledge ef-

8By taking the evolution of4; as given, we abstract from the feedback mechanism in Unifietvtd Theory
whereby human capital drivegygregatetechnological progres&alor, 2011). At the local level, however, our ap-
proach allows for upper-tail skills to accelerate produttigrowth.

9As Mokyr (200Q p.30) put it: “Of course | do not argue that one could learmadtgust from reading afEncy-
clopédiearticle (though some of the articles in tBacyclopédigead much like cookbook entries). But ... once the
reader knew what was known, he or she could look for detaikdiere.”

0This interpretation is in line witkelly et al. (2014, who argue that the Industrial Enlightenment generatedsd
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fect” is the stronger the higher is;,. This reflects the argument Byelson and Phelp&l966
that human capital — here in the form of its upper tail — isipatarly useful in periods of rapid
technological change.

We now turn to the evolution of aggregate manufacturing petidity at locationn, Ay, ;.
This term corresponds to the average entrepreneurial ptiodies, as given byA.4). Recall that
at each locatiom, there is a share, of highly skilled entrepreneurs. Thus, integrati#gg) over
all entrepreneurs e [0, 1] yields:

AM,n,t - nAt + (1 - n)AM,n,t—l (1 + 8y - ’}/A,t) (A?)

This equation illustrates three forces that drive manuf@g productivity at locatiom: First,
passive catchup with the frontier, which depends;oisecond, the “knowledge effect,” which is
larger for regions with highet,,, and larger when technological progress is rapid. Third, there
is also a spillover effect of entrepreneurs with upperkabwledge: they raisel,,,, ., which is
then reflected ad,,,, .1 in (A.6) in the following period, benefiting both entrepreneurdwvand
without scientific knowledge. Our setup also ensures that,; < A;, which holds with equality
in regions withs,, = 1. In other words, a region where all entrepreneurs have tftoeknowledge
will always be at the technological frontier.

Finally, we specify the productivity process in agricuiuiWe assume that upper-tail knowl-
edge is not important in this sectdr. However, some technologies from the frontier “trickle
through” to agriculture, as welf. We model this process in the same fashion as for manufac-
turing, so that agricultural productivity in regionevolves according to

At =14+ (1 — 1) Aa i (A.8)

that were then implemented by entrepreneurs and scieimtigte upper tail of the skill distribution. Similariokyr
(2009 argues that technological progress often came in the fédmrmicro-inventions by implementation of broader
technological concepts.

Compared to manufacturing, agriculture saw much less iathav that required advanced knowledge to be
adopted. This pattern is clearly borne out by innovationsiteted at world fairs: Among the 6,377 exhibits at
the 1851 Crystal Palace Exhibition in London, only 261 (dr94) were agricultural machinery. At the other end of
the spectrum, modern manufacturing sectors made up the thaajprity of innovations: textiles alone accounted for
more than 26%, and engines and scientific instruments fahan®5% Moser, 2012 Table 3).

12This reflects the historical evidence that agriculturaldorctivity also grew significantly during the industrial
revolution Crafts 1985 Mokyr, 2010. Nevertheless, scientific knowledge did not play a roletémhnological
progress in agriculture before the middle of the 19th centsee AppendiE.2). We note in passing that differential
growth in agriculture and manufacturing is not essentiabiar results. Alternatively, the same productivity praces
in the two sectors, combined with non-homothetic demareldgisimilar predictions due to high income translating
into disproportionately more manufacturing demand.
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Note that this equation corresponds %) with s, = 0. Thus, in regions without upper-tail
knowledge, productivity in agriculture and manufactureng the same. This delivers a useful
benchmark case for our analysis.

A.3 Equilibrium and Predictions

We now analyze how worker skills and upper-tail knowleddedfincome, growth, and the sec-
toral allocation of labor. Importantly, we assume that @wous) technological progress at the
frontier, v, is initially slow and then accelerates. Growth in totaltéagroductivity (TFP) was
minuscule prior to industrialization — probably in the rangf 0.1% per yearGalor, 2005 — and
it then accelerated to approximately 1% in the mid-19thwen{Crafts and Harley1992 Antras
and Voth 2003. With low v, equation A.7) implies that upper-tail knowledge does not have
important effects on regional productivity; it only matevhen technology advances more quickly.
This difference is crucial for our predictions before versiuring industrialization.

Within each regiom, labor mobility ensures that wages in agriculture and mactufing are
equalized:wya,, = wy, = w,. Using A.2) and @A.5), this yields the employment share in
agriculture:

1

lA,n — ((LhﬁA‘BM) o T (A.9)

I —an)Ay "
More land-abundant regions (highey) have higher employment shares in agriculture. Since we
assume that manufacturing production occurs in citiesythanization rate is given by, ,, = 1 —
la,m. In addition, equationA.5) implies that wages grow at the same rate as local manufagtur
productivity A,/ ,.* The growth rate is thus given by

Yot =1 (AL - 1) + (1 =n) sn-var (A.10)
Mnt—1
where the first term reflects the catchup effect, and the sktgsm, the “knowledge effect.”

We now present three predictions of the model. The first tvadyae the cross-sectional effect
of knowledge elites for the cases of relatively law (before the Industrial Revolution), and for
high v (in the industrial period). The third prediction highlighthe role of worker skills. We
discuss the intuition behind each prediction in the text.

Prediction 1. Pre-industrializationlf the technological frontier expands slowly (low), labor
shares in manufacturing, wages, and economic growth angwabkly affected by local upper-tail
knowledge.

13Total income in regiom also comprises entrepreneurial profits givernly (1 — o) Y., (See AppendiB.1).
Since profits are directly proportional to wages, we focuthenatter when discussing the model predictions.
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Intuitively, if technological progress is slow, entrepeens with upper-tail knowledge enjoy
only a tiny productivity advantage (or none at allyif = 0). Thus, @A.7) implies that productivity
is similar or identical in regions with high and lowy,. Consequently, wages and labor shares —
given by A.5) and A.9) — are also similar in the cross-section. The same is truaéome growth,
given by A.10). The left panel of Figuré\.1 provides an illustration of Predictioh. Under
reasonable parameter choices, the percentage of entegjpsamith scientific knowledge has only
minuscule effects on developmeéfitFinally, it is important to note that there were exceptiams t
the generally slow growth before Industrialization. Onareple is the Commercial Revolution in
early modern Europe. In line with our model, there is hist@@revidence that advanced knowledge
mattered during this periodfttmar, 2013 Cantoni and Yuchtmar2014).
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Figure A.1: Scientific knowledge and economic development

Notes The figure illustrates how the share of entrepreneurs vatbnsific knowledge in regiom, s,
affects urbanization, wages, and economic growth. The#beitl refers to the pre-industrial period (illus-
trating model Predictiod), and the right panel illustrates Predictignreferring to the industrial period.
The urbanization rate corresponds to the labor share in faetuming. Wages (right axis) are reported
relative to regions without scientific knowledgs, (= 0). Relative wage growth (left axis) is measured as
annual percentage growth in reginnnet of growth in regions withk,, = 0.

Next, we turn to the industrialization period, when teclugatal knowledge grew rapidly. The
following prediction shows that, despite production kneslde being non-rival and available to all
regions, it can have differential effects on economic dgwelent.

Prediction 2. During and after industrializatiors the technological frontier expands more rapidly
(high~;), alarger local knowledge elite leads to higher wages, bighanufacturing employment,
and faster economic growth.

14The model calibration serves mainly illustrative purposese do not intend to precisely predict actual magni-
tudes of effects. AppendiB.3 explains our parameter choices in detail. We simulate thdehimr 250 periods,
corresponding to 1600-1850.
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The intuition for this prediction follows the same logic dmae, but now with rapid technolog-
ical growth at the frontier, so that upper-tail knowledge bezeable effects on regional productiv-
ity. The right panel of Figurd.1 illustrates the prediction in the simple calibrated vemsid our
model: both wages and manufacturing employment now grow-iramand with the local density
of scientific knowledge.

Finally, we describe the effect of worker skills on income amployment.

Prediction 3. Effect of worker skills Higher average worker skill,, in regionn lead to higher
employment shares in manufacturing and higher regionalesagut not to faster growth. This
holds irrespective of the rate of technological progresthatfrontier.

FigureA.2 illustrates this prediction. Regional wages in both sextpow in worker skills,
as given by A.2) and A.5). In addition, worker skills are more important in manutactg than
in agriculture (), > (4). Thus, following equationA.9), higherh,, leads to a concentration of
employment in manufacturing — and thus in cities. Sincedledfects are independent of scientific
knowledge, we can plot the pre-industrial and industriaiqus together. Finally, wage growth as
given by @A.10) is independent of worker skills. Intuitively, worker dkilaffect how productively
agiventechnology is operated, but not which technology is used.
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Figure A.2: The role of worker skills

Notes The figure illustrates model Predicti& showing how worker skills in region, h,,, affect ur-
banization, wages, and economic growth. Since the effeaboker skills does not change over time, the
figure illustrates both the pre-industrial period and thaustrial period. See Figu.1 for a description
of the three depicted variables.

Summing up, as compared to the previous theoretical liszabur model provides a more
differentiated view on the role of human capital during isttialization. Distinguishing between
worker skills and upper-tail (scientific) knowledge allousto derive predictions that differ im-
portantly for the two types of human capital.
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B Model: Technical Results and Proofs

B.1 Aggregate Manufacturing Production Function

Demand for intermediate producin regionn follows from (A.3) and is given by:

) ) 1 I—apg

Zn(z) - gA]\/I,n('L)thL]\/I,n <—) (Bl)
p(i)

Since each entrepreneifaces a constant marginal cost of one unit of the final goasl tdtal

costs are given by - z,, (7). Consequently, entrepreneurs choose their priteso as to maximize

profitsm,, (i) = (p(i) — 1) - z,(4), subject to B.1). This yields:

p(i) = —, Vi (B.2)

_ 2-apr

Using this in @A.3) and choosing the constapt= «,, ** implies that total manufacturing output
in regionn is given by

1
Yarn = AprnhP™ Ly, With Ay, = / A (3)di (B.3)
0

Consequently, aggregate manufacturing productivity isrgoke linear combination of individual
entrepreneurial efficiencies. Note froi.8) that a sharé — «,, of total output is paid to labor:
WarnLarn = (1 — anr)Yarn, SO that the wage rate in regiens given by

me = (1 — QM)AM,nth (B4)

This completes the set of equations used in the main analysiscompleteness, we also present
the total profits by entrepreneurs, as well as output nettefnimediate inputs. Total profits are
given byll,, = fol 7, (7)di, with 7, (7) given above. Substitutindd(1) and B.2), we obtain:

I, = an (1 — an)Yarn (B.5)

Finally, note that the measure of total output given By3J still includes the part that is used for
intermediate production. Net output is given By}, = Ya,, — fol z(i)di. Using B.1) and B.2)
this yields:

Vi = (1= a3y) Yarn (B.6)

Itis straightforward to verify that total wage payments @nafits add up ta’;’;..
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B.2 The Evolution of Productivity in Manufacturing

Aggregate productivity follows fromR.3), by integrating equationA(.6) from the paper over all
entrepreneurs € [0, 1]. Without loss of generality, we assume that entreprenéutss, have
scientific knowledge, and the remainder does not. This gield

Sn 1
AMJL,t = / AM,n,t(T(i) = 1)dl +/ AM,n,t(T(i) = O)dl (B?)
0 Sn
Substituting forA,, ,, +(7) from (A.6) then implies:

AM,n,t = 77/_1t + (1 - n)AM,n,t—l (1 + Sp - ’%&t) (88)

B.3 Calibration

To calibrate our model, we chooga = 0.3, By = 0.5, anda, = 0.6 (o is a free parameter,
chosen implicitly withz,,). For the catchup parameter, we uge= 0.02, which implies that
regions withs, = 0 lag about 35 years behind the frontier. We simulate the mamel50
periods, corresponding to 1600-1850. Over the first 10®gdsriwe use ; = 0.1%; thereafter; z
rises by 0.015% each year, so that it reaches 2.35% after@®@ds. This is consistent with the
combined contribution of TFP and physical capital to groddining the mid-19th centunAntras
and Voth 2003.%° Our calibration ofy ; ensures that wages follow the trend of p.c. income shown
in appendix FigureC.1. We normalized,; = 1 in 1700 and choose langd, such that the labor
share in (overall) manufacturing is approximately 10% s tlurresponds to the urbanization rate
in France in 17008°% In FigureA.1, we keep average worker skills constanfat= 1.1 and use
the range ofs,, € [0,0.2]. The latter reflects the historical accounts that only a bsfare of
French entrepreneurs was progressive and possessedtaipgaowledge. Changing eithér, or
the interval fors,, does not affect our qualitative predictions.

When simulating the effect worker skills, we keep scienkfiowledge constant at the bench-
mark levels, = 0. The rangeh, € (1.0,1.3) on the horizontal axis of FigurA.2 is chosen
as follows: the average return to schooling in a cross-@eaf countries is about 0.B{ls and
Klenow, 2000. In our sample, literacy in 1686 varies between 0 and 60%sacFrench depart-
ments, and we assume that literacy is equivalent to 5 yeashaioling. With this, we obtain an
upper bound ofexp(0.1-0.6 - 5) ~ 1.3, and a lower bound oéxp(0) = 1. Changing these values

15Since we abstract from physical capital in the model, we hal@ad its effect on TFP growth if we want to match
historical data.

8This is computed using total city population fr@airoch, Batou, and Chévi@988), divided by French popula-
tion fromMcEvedy and Joned 978.
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does not alter our qualitative results.

C Data

C.1 Growth of per Capita Income in France, 1650-1900

Figure C.1 shows GDP per capita in France over the period 1650 to 190Crabythe data
confirm Roehls (1976 assessment that there is no clear “take-off” point. Néwdess, growth
became steady in the mid-18th century and only slowed dompadearily during the decade after
the French Revolution.

GDP per capita
200 300 400

100

o

1650 1700 1750 1800 1850 1900
Years

Figure C.1: Trend in per capita GDP in France, 1670-1890

Notes The figure shows the evolution of French GDP per capita dverperiod 1670-1890. GDP per capita is
computed using data on gross output (at current prices) aghted price deflators froflarczewski(1961), com-
bined with population data fromvicEvedy and Jone€l978. Linear interpolation is used for decades with missing
data. The unit of measurement is Francs (in 1905-1913 priceemme in 1820 corresponds to approximately 1,100
International (1990) dollar, according kdaddison(2007).

Industrialization was not homogenous across France, asrshoFigureC.2 Both wages
in industry (left panel) and employment shares (right paekbw substantial dispersion across
departments in the mid-19th century. This is also evidethéncorresponding histograms (Figure
C.3. We exploit this spatial heterogeneity in our empiricadlysis.
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Industrial Wages Industrial Employment

Ind. Wages 1852 Ind. Emp. pc 1861

no data no data
o[ -1.7] 0[0 - 0.008]
m(1.7 - 1.9] m(0.01 - 0.015
m(1.9-23] M (0.015 - 0.04]
m(2.3-37] = (0.04 - 0.1]

Figure C.2: Dispersion of Industrial Wages and Industrialdioyment

Notes The left panel shows the spatial distribution of industriages in 1852. The right panel shows the distribution
of industrial employment per capita in 1861. Data on indakivages are fronGoreaux1956), and data on industrial
employmentin 1861 are from tt&tatistique Industriell®f the Statistique Général de Fran(E861). Both variables
are described in Sectich2

Industrial Wages Industrial Employment

30 40
1
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1

Density
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15 2 25 3 35 .02 .04 .06 .08
Industrial Wages in 1852 Industry Employment share in 1861

Figure C.3: Dispersion of Industrial Wages and Industriajpfoyment

Notes The left panel shows distribution of industrial wages byalement in 1852, and the right panel shows the
distribution of industriaial employment per capita in 18&Eke the note to Figuke.2 for detail.
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C.2 Subscriber Density: Distribution, Alternative Definitions, and Historical Detall
Spatial distribution of subscribers to the Encyclopédie

FigureC.4shows the correlation between subscriber density anadiyer in 1686 (left panel) and
in 1786 (right panel). The two variables are uncorrelated.

Literacy Rate in 1686 anfubDens Literacy Rate in 1786 anfubDens
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Literacy rate in 1686 Literacy rate in 1786

Figure C.4: Correlation between Literacy atidbDens

Notes The figure shows the correlation between subscriber deast literacy in 1686 (left panel) and
between subscriber density and literacy in 1786 (right paSebscriber density is defined 8sbDens =

Subs/pop1750-

Next, FigureC.5 shows the distribution of our main explanatory variabldyssuiber density,
for all cities (panel A) and for cities with positive subgations (panel B). In the following, we in-
troduce two alternative definitions. First, the left parfdfigure C.6 shows subscriptions per 1,000
city inhabitants without taking logs. Comparing this witlireanain measure illustrates that taking
logs tightens the distribution, restricting the extent tael extreme values affect our results.
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All cities Only cities with positive subscriptions

1
InSubDens InSubDens

Figure C.5: Baseline measure of subscriber dengityubDens

Notes The figure shows the distribution of our main explanatoryalge, subscriber density, defined as
InSubDens = In(Subs/pop1750 + 1). The right panel plots the histogram for all cities, and #fepanel
plots the histogram only for cities with positive subsdops.

Appendix p.14



Alternative measures of subscriber density

For cities without subscriptions, our baseline measureubtsriber density does not exploit all
available variation: by assigning zero density throughibdbes not take into account city size. For
example, the zero subscriptions for 22,000 inhabitantsrlasA(in the South of France) arguably
reflect a lower density of scientific knowledge th&nbs = 0 in the town of Saverne (in the
North-East) with 1,000 inhabitants in 1750. To exploit tagditional information, we define an
alternative variable as followsinSubDens2 = In[(Subs + 1)/popi7s0], Wherepop7so iS city
population in 1750. This introduces variation across sitieh zero subscriptiongnSubDens?2

is the smaller the larger is city population. The resultirgjribution is presented in the right panel
of FigureC.6. Clearly, there is now more variation in the left part. BelowAppendixD.1, we
show that the two alternative measures yield very similsumlts compared with our main measure
InSubDens.

SubDens InSubDens?2

o 5 10 15 4 0 2
SubDens InSubDens2

Figure C.6: Subscriber density: with and without variatamnoss towns witlyubs = 0

Notes The left panel shows subscriber density defineddaéDens = Subs/popi750. In this setup,
all cities with zero subscriptions have the valtiebDens = 0. The right panel plots the histogram for
InSubDens?2 = In[(Subs + 1)/pop1750], Which allows for variation between cities with zero suliscr
tions, depending on population size.
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Individual subscribers, book sellers, and cities with zewbscriptions

For a small subset of subscribers to the Quarto edition of&iheyclopédie an individual list
survived. The list was compiled by the bookseller Lépagmet a@tached to the first volume of
the Bibliotheque Nationalset of the Quarto edition in 1777. The list is reprintedlingh 1968
pp.466-473). This list comprises customers of two booksgllL épagnez of Besangon (department
Doubs) and Chaboz of Dole (department Jura — adjacent to £)outhere are altogether 253
subscribers, with information on profession and socidustaas well as place of residence. Out of
the 253 subscribers, 175 (69.2%) lived in the same citieh@bdoksellers — Besancon or Dole.
In addition, the vast majority of the remaining subscribleed in the same departments (Jura and
Doubs) in towns or villages that were too small to enter Bagroch et al.(1988 dataset. This
supports our convention to assign zero subscriptions teetledgies inBairoch et al.for which no
sales are reported. While this may introduce measuremaot @ris unlikely to systematically
affect our results: in Appendix Tablg.3 we show that our results are equally strong for small,
medium, and large cities (for which this type of measureneerdr is increasingly unlikely). In
addition, since those subscriptions that were sold outkigleity boundaries went to buyers in the
immediate neighborhood, our department-level analygtucas most of the remaining variation.

C.3 Soldier Height

Data on soldier height before 1750 are frstamlos (2005, who digitized height data and city
of birth for more than 38,000 French soldiers from 1716 to4l#8hese include conscripts born
between 1650 and 1770. In many cases, names of birthplazestreported, unrecognizable, or
ambiguous. Among those that can be clearly identified, welneat soldiers to all towns and cities
listed inBairoch et al(1988. In addition, for those cities not listed Bairoch et al(1988, we
hand-coded the department for all towns with more than 1@ied in the dataset. Overall, this
yields observations on about 22,000 soldiers in all 90 departs. Approximately 19,000 of these
were drafted prior to 1750. From these data, we compute temge height at the department
level before 1750 (i.e., we drop all drafts that occurred 50-84). Since average height may
have changed over the period 1716-49, we filter out birth ddhe@d effects by decade. We also
address the possibility that the age at recruitment may tifezed across regions, which in turn
may affect conscript height because body growth continniesthe early 20s. We filter out age-
specific patterns by controlling faye andage?®. TableC.1reports the results of these regressions.
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C.4 Control Variables: Sources and Descriptions
Baseline controls

Our baseline set of controls includes various geograplacaceristics of cities, such as dummies
for cities with ports on the Atlantic Ocean and on the Medérean Sea, as well as for cities
located on navigable rivers. These data are fRittmar (2011). Moreover, we use a set of “early
knowledge controls™: a dummy for cities that hosted a ursitgibefore 1750 Jedin, Latourette,
and Martin 197Q Darby and Fullard1970, a dummy for cities that had a printing press between
1450 and 1500Kebvre and Martinl1958 Clair, 1976, and the number of editions printed before
1501 (STC, 2008. We construct a dummy for cities located in non-French kipgedepartments
using linguistic data fronmttp://www.lexilogos.com/france_carte_dialectes.hifhere are three
main groups of romance languages in France: langue d’ogu&ad’oil (the official French), and
langue francoprovencal. We consider all three “French.tiBy definition, the following dialects
are “non-French”: Alsacien, Basque, Breton, Catalan, amgiCan.

STN books sales

Data on book sales to each French city are fromRB&EE (2012 project that reconstructed the
book trade of the important Swiss publishing house STN (whiso published thEncyclopédig
over the period 1769-1794. This source (availabletyd://chop.leeds.ac.uk/sjrdovers the sales
of more than 400,000 copies, for which the location of thedo{private or book traders, with the
vast majority located in France) is available. Note that D6k sales are directly comparable to
our data orEncyclopédiesubscriptions, since both occurred during the same pesieck shipped
from one place (Switzerland and Lyon) towards all of Fraacel reflected local demand for books
(sales) rather than supply (printing).

Pays d’élection

While France was a centralized state already before theckrBevolution, in some regions —
the so-callecpays d’élection- the king exerted particularly strong power in fiscal andrfmal
matters: in thepays d’électiona representative of the royal administration was respta$ay
the assessment and collection of taxes. In contrastpdlys d’étatand thepays d’imposition
enjoyed higher autonomy in terms of taxatioBays d’électioncorrespond tayénéralités — an
administrative region of the Ancien Régime that does noagsvoverlap with department bor-
ders. We construct a dummy for cities locatecays d’électiorbased on the maps provided at
http://fr.wikipedia.org/wiki/Généralité_(Franceh combination with the citygénéralités corre-
spondence in the atlas WBrette (1904). When running regressions at the department level, we
compute for each department the share of cities locatpdys d’élection
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Pre-industrial activity

We follow Abramson and BoiX2013 to construct data on pre-industrial centers in Francegdbas
on the original sourceGarus-Wilson1966 andSprande(1968. These include the total number
of mines, forges, iron trading locations, and textile mactidres. We sum the number of such
locations per department and calculate the local densifyr@findustrial activities (in the same
fashion as subscriber density). About half of the departmbave some type of pre-industrial
activities, with the highest numbers in the departmentséifd, Nord and Pas de Calais.

Local density of the nobility

Data on the number of noble families is provided by the Alntéinde Saxe Gothd. More specif-
ically, we use data omarquises Entries also contain information on the departments afiomf
these families, as well as the dates of creation and (if eplple) extinction of the dynasty. For each
department, we compute the total numbemairquisfamilies existing in 1750. This number varies
substantially, from zero in Corsica and less than 4 in thadepents of Haut-Rhin, Vosges, Meuse,
and Moselle (all located in the North East) to 32 and 39 nadoeilies in the departments of Seine
et Marne, and Seine et Oise. We then compute the local desfsityble familiesin Nobles Dens

in the same way as subscriber density, but normalizing badiey@nt-level population in 1750.

C.5 From City-Level to Arrondissement- and Department-Leel Data

In our arrondissement (Tablé& and12) and department level regressions (Tallesd7), we ag-
gregate city subscriptions to these geographic units. Mpeeifically, we comput&ubDens,,.,
and SubDens,., as the average subscriptions per capita across all citiasginen arrondisse-
ment (department), where population corresponds to 17AyOirdaabitants fromBairoch et al.
(1988. We then derivdnSubDensy, = In(l + SubDens,,) andinSubDensge, = In(1 +
SubDensge,).*® Thus, arrondissements (and departments) without suliscriireceive a value of
zero.

We also aggregate the city-level control variables listethiblel to the arrondissement and de-
partment level. This procedure yields dummies for arrag&hisents (departments) having at least
one Atlantic port, a Mediterranean port, or a navigablerriad a dummy for non-French speaking
departments. Moreover, we also control for the potentiafaonding factors described in Section
3.3 the density of STN books traded in France is calculated ensme way a&1SubDensg ey,
while the density of pre-industrial activities, the depsit nobles in 1750, and the density of exe-
cuted under the “Reign of Terror” are already defined at tipadenent level. The aggregation for

7available athttp://en.wikipedia.org/wiki/List_of_French_marqaiss#cite_note-1
8Throughout the paper and appendix, we lsgubDens (i.e., without subscript) to refer to subscriber density at
all levels of aggregation.
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pays d’électioris less straightforward because these regions do not alexsgriap with depart-
ment borders (see Append 4 above). When running regressions at the department leeel, w
thus compute for each department siniareof cities located irpays d’élection

C.6 Balancedness of the Sample

In the main text, we analyzed the correlation of subscrilegisdty with other city characteristics.
Here, we focus on the extensive margin, comparing citied waitd without subscriptions. In
Table C.2 columns 1-3 report the mean and standard deviations ocsbbs density and our
baseline controls, and column 4 shows the t-test for themiffce in means between cities with
and without subscriptions. On average, cities with supsiomns were significantly larger, with
26,000 vs. 6,300 inhabitants. This difference is not sempgi, however, given that larger cities
have many more potential subscribers. There is no signifitifierence with respect to location
at Atlantic or Mediterranean ports, but with respect to tamaon navigable rivers. Cities with
subscriptions are more likely to have a university prior #®Q, as well as a printing press and a
higher number of books printed in 1500. These differencesstatistically significant. Finally,
cities with subscriptions also tend to have somewhat hitgwerls of literacy in 1786.

Because of its strong correlation with city population, thenmy for subscriptions that we
used above will also capture other city characteristics dna related to size. Next, we restrict
attention to cities with above-zero subscriptions and $pé sample into those with above- and
below-median subscriptionger capita Columns 5-8 of Tabl&C.2 show the results. For cities
with above- and below-median subscriptions per capitauladion is almost identicaf? The
same is true for all other controls, with a few exceptiong teflect local advanced knowledge:
34% and 39% of cities with above-median subscriptions astimg a university and a printing
press respectively, compared to 14% and 26% of cities witbwbenedian subscriptions — the
difference, however, is not significant for the “PrintingeBs” variable. Cities with below-median
subscriptions tend to have slightly higher levels of litgran 1786 (reversing the pattern from
columns 2 and 3), but this difference is not statisticalgn#icant.

BWe exclude Paris, because all city-level regressions decidummy for the French capital. With its 570,000
inhabitants, Paris was five times larger in 1750 than therskbiggest city, Lyon. When including Paris cities with
below-median subscriptions actually have a larger pojmiain average, reversing the pattern from columns 1-3,
while the remaining results are largely unchanged.
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Table C.1: Controlling for the effect of age and birth decadesoldier height, 1660-1740

Dependent variable: Soldier heightin cm

Age 0.440*
(0.021)
Age’? -0.006**
(0.000)
Birth Decade Dummy Yes
R? 0.07
Observations 29292

Notes This regression is run by OL®irth Decade Dum-
miesinclude dummies for all decades from 1660 to 1740.
Robust standard errors in parentheses<®, ** p<0.05,
***p <0.01.
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Table C.2: Subscriptions and control variables — desggiatistics

All cities Cities with subs>0 (Paris excl.)
1) 2) €) (4) ) (6) (7) (8)
All Subs>0 No Subs t-test All Above Below t-test
median median
Subscriptions per 1,000 1.73 3.94 3.97 6.81 1.27 10.26
(3.14) (3.72) (3.72) (3.40) (0.99)
Population in 1750 15 26.05 6.31 3.2819.57 19.07 20.05 -0.24
(42.57) (62.52) (3.05) (18.68) (21.45) (15.85)
Atlantic Port 0.06 0.08 0.05 1.08 0.08 0.07 0.09 -0.33
(0.24) (0.27) (0.22) (0.28) (0.26) (0.29)
Mediterranean Port 0.03 0.04 0.03 0/3 0.04 0.02 0.05 -0.54
(0.17) (0.18) (0.16) (0.19) (0.16) (0.21)
Navigable River 0.09 0.16 0.03 3.41 0.15 0.12 0.19 -0.81
(0.28) (0.37) (0.16) (0.36) (0.33) (0.39)
University 0.11 0.25 0.01 5.58 0.24 0.34 0.14 2.21
(0.32) (0.43) (0.10) (0.43) (0.48) (0.35)
Printing Press 0.18 0.33 0.06 5.01 0.32 0.39 0.26 1.32
(0.39) (0.47) (0.25) (0.47) (0.49) (0.44)
In(Books Printed 1500) 0.48 0.87 0.17 3.820.78 0.93 0.64 0.87
(1.31) (1.74) (0.7) (1.55) (1.62) (1.49)
Literacy 1786 0.43 0.46 0.39 1.78 0.45 0.42 0.49 -1.32
(0.25) (0.25) (0.25) (0.25) (0.24) (0.25)
Observations (Min/Max) 166/193 82/85 84/108 81/84  40/41  41/43

Notes This table compares the means of subscriber densityadiyeas well as our “Baseline” and “Early Knowledge”

controls (as listed in Tablé). In columns 1-4 we use the full sample, including all citieslumn 1), and then

distinguish between cities with (column 2) vs. without stripgtions (column 3). In columns 5-8 we restrict the

sample to all cities with positive subscriptions (columnds)d we distinguish between cities with above- (column 6)
vs. below-median (column 7) subscriptions per capita. @olsi4 and 8 present t-tests for the difference in means
between cities with vs. without subscriptions and citiethveibove- vs. below- median subscriptions, respectively.

For details orEncyclopédiesubscriptions and controls see the notes to Tap&ection3, and AppendixC.4.
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D Additional Empirical Results

D.1 Additional Results for City Growth

We now perform a series of robustness checks and show thdagetine results on city growth

(Table 3) are not driven by sample composition or by a particular gjpation of our variable of
interest.

Comparing cities with and without subscribers — matchihgstirated

FigureD.1lillustrates our matching results for cities with vs. witlhhgubscribers. We use propen-
sity score matching to find, for each cityth subscribers, the closest match in terms of population
in 1750 among citiesvithout subscribers. This gives two samples of equal size (each &ith
cities). We then plot the average population growth ovepirgod 1750-1850 for the cities with-
out subscribers (left bar), and for those with at least obsatber (right bar). The 95% confidence
intervals shown in the figure illustrate that cities with saibers grew significantly faster than their
counterparts with similar population size but without striigers.
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No Subscriptions Subscriptions>0

Figure D.1:Encyclopédiesubscriptions and city growth, 1750-1850

Notes The figure plots the average population growth over theopeti750-1850 for cities withoUEncyclopédie
subscribers (left bar), and for those with at least one suiEsc(right bar). The sample of cities without subscrilisrs
obtained using propensity score matching based on populsize: by computing for each cityith subscribers the
closest match in terms of population in 1750 among citigsoutsubscribers. There are 84 cities in each subsample.
Paris is excluded because it had 4 times the population afebend-largest city (Lyon) in 1750.
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Splitting the main period 1750-1850

Table D.1 splits our main period of analysis into two sub-periods, 2800 (column 1) and
1800-1850 (columns 2 and 3). This roughly captures the prd-pmst-Revolution period, with
major differences in institutions. We find that our resultdchfor both sub-periods (columns 1
and 2). In column 3, we also control for growth in the earlieripd and find a negative and
significant coefficient® This suggests that unobserved factors that determinedy@tyth prior
to 1800 did not foster growth thereafter, which is in linetwa structural break after the French
Revolution. Nevertheless, cities with higher subscribemgity grew faster under both regimes.
This makes it unlikely that subscriber density reflects weobed institutions that in turn drive
growth, complementing our results fpays d’élection

Table D.1: City growth over the sub-periods 1750-1800 ar@D1B350
Dependent variable: log city growth over the indicated quebri

1) (2 3

Period 1750-1800 1800-1850 1800-1850

Control for prior growth
InSubDens 0.108** 0.059* 0.073*

(0.035) (0.028) (0.027)
Growth 1750-1800 -0.187"
(0.069)

Controls v v v
R? 0.29 0.39 0.42
Observations 192 192 192

Notes All regressions are run at the city level, include a dummyHaris, and are weighted by population in 1750.
The dependent variable is log city population growth overgbriod indicated in the table header. “Controls” include
the baseline controls and early knowledge controls listethblel (columns 2 and 3 control for initial population in
1800 instead of 1750). For details émSubDens and controls see the notes to TallleRobust standard errors in
parentheses. *40.1, ** p<0.05, *** p<0.01.

Stable subsamples

In TableD.2, we run our growth regression for the 1750-1850 period,ginr different subsam-
ples, each including those cities for which population dataavailable in the year 1400, 1500,
1600, and 1700 respectively. For comparison, we also repertesults for the full sample in
column 1 (which yields the same coefficient as our baselieeifpation in column 3 in Tabl8).

20This is unlikely to be driven by reversion to the mean, i.g.fdst initial growth being mechanically followed by
slower subsequent growth, because the regression sdpaaitols for initial log population in 1800.
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The coefficients ofnSubDens are very similar in magnitude to those of TaBland are always
significant at the 1% level.

Table D.2: Restricting the sample to cities with availatdéador the pre-1750 period

Dependent variable: log city growth, 1750-1850

1) ) 3) (4) )
Data on city sizein 1750 1700 1600 1500 1400

InSubDens 0.169* 0.154* 0.139** 0.157* 0.193**
(0.033) (0.036) (0.042) (0.037) (0.052)

Controls Ve Ve v v v

R? 0.36 0.39 0.57 0.55 0.57

Observations 193 148 58 62 50

Notes All regressions are run at the city level, include a dummyRaris, and are weighted by city population in
1750. The dependent variable is log city population growmti 750-1850. We use cities where data on population
from Bairoch et al.(1988 are available over for the year indicated in the header.nt@s” include the baseline
controls and early knowledge controls listed in Tahl&or details orin.SubDens and controls see the notes to Table
1. Robust standard errors in parentheses<0(d, ** p<0.05, *** p<0.01.

FigureD.2 uses the consistent sample of cities for which populatiamwgr can be computed
both in 1700-50 (pre-industrial) and in 1750-1850 (i.ee, sample used in column 1 of Tate2.
The figure confirms the emergence of a strong relationshiwdset subscriber density and city
growth after 1750.
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Figure D.2:Encyclopédiesubscriptions and city growth — before and after 1750

Notes The figure plots average annual city growth in France ag&nsyclopédiesubscriber density
(InSubDens), after controlling for our baseline controls (listed inblal). The left panel uses the period
before industrialization set in (1700-1750). The right glaexamines the same cities over the period of
French industrialization, 1750-1850. The sample is theesamboth panels, including only cities for
which growth can be computed over both periods. Among theeserage annual city growth was 0.28%

5 0 5 1 15
Subscriber density (residual)

25 -1

and 0.38% over the two periods, respectively.
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Sample split by initial city size

In TableD.3 we show that our main result holds for small, medium, andelarigges. We split
the sample by terciles of initial city population in 1750. eTboefficient on subscriber density is
largest within the first tercile, and of similar magnitude foedium- and high-population cities.

Figure D.3 presents the corresponding partial scatterplots, shothiagthe relationships in the
subsamples are not driven by outliers.

Table D.3: Subscriptions for small, medium and large cities

Dependent variable: log city growth, 1750-1850

(1) (@) ®3)
City sizein 1750 Small Medium Large

InSubDens 0.325** 0.149* 0.136*
(0.079) (0.053) (0.052)

Controls v v v

R? 0.36 0.25 0.51

Observations 69 64 60

Notes All regressions are run at the city level, include a dummyRaris, and are weighted by city population in
1750. The dependent variable is log city population growtll 750-1850. The sample is split by terciles of city
population in 1750. The first tercile (small) include 69edtiwith a population between 1,000 and 5,000 inhabitants;
the second tercile (medium) includes 64 cities with a papuabetween 6,000 and 10,000 inhabitants; the third
tercile (large) includes 60 cities with a population abo@¢gdD0 inhabitants. “Controls” include the baseline colstro
and early knowledge controls listed in Taldle For details onnSubDens and controls see the notes to Tatile
Robust standard errors in parentheses<®d, ** p<0.05, *** p<0.01.
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Figure D.3: Subscriber density and city growth for smalldimen and large cities

Notes The figure provides the partial scatterplotsEmcyclopédiesubscriber densityi.SubDens) corresponding to
the regressions in columns 1-3 in Talle3 City sizes correspond to population terciles in 1750.
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Dummies for increasing subscriber density

In the main text, we have distinguished between the interand extensive margin of subscriber
density by including the dummys,..~o for above-zero subscriptions to capture the former, and
subscriber densitynSubDens to reflect the latter. We found that the intensive margin was i
portant, i.e., that additional subscriptions beyond thst &ire strongly associated with growth (see
for example column 4 of Tabl8 or column 4 of Tables). These previous results were based
on a linear relationship. In Tabl.4, we provide additional evidence that the intensive margin
matters, without imposing linearity. In addition to an iodior for zero subscriptiond 4,,,s—o),

we now include two dummies for cities with above-zero sulp$sions, /s,ss-0..m. for those with
below-median subscribers per capita, dgghs~o.q.m. for those withSubDens > 0, but above
the median. We find that the coefficients increase for eaqh sied that these differences are
statistically significant (as shown by the p-values in thidyo of the TableD.4).
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Table D.4: Dummies for increasing subscriber density

Dependent variable: log city growth, 1750-1850

1) )
Tsups=o 0.414* 0.468**
(0.091) (0.105)
Isubs>0, b.m. 0.635* 0.711**
(0.114) (0.132)
ISubs>0, a.m. 0.792* 0.855*
(0.134) (0.147)
Baseline Controls v v
Early Knowledge Controls v
R? 0.73 0.73
Observations 193 193
p-values, test of difference in coefficients
ISubs:O = ISubs>0, b.m. [0002] [0001]

ISubs>O, bom. = ISubs>O, a.m. [0025] [0026]

Notes All regressions are run at the city level, include a dummyRaris, do not include a constant term and are
weighted by city population in 1750. The dependent variableg city population growth in 1750-1850. We use
three indicator variables to classify cities based on tBairyclopdia subscriptions per capit@a;,,s—o takes on value

1 for cities without subscriptiondg.,ss>0, ».m. takes on value 1 for cities with positive subscription, below the
median for all cities withSubs > 0 (from 0.5 to 3.25 subscriptions per 1,000 inhabitants), Ba@s>o, .m. takes

on value 1 for cities with positive and above-median sulpsioms per capita (from 3.35 to 16.25 per 1,000). There
are 108 cities with zero subscriptions, 43 with positive Betbw-median subscriptions per capita and 42 cities with
positive and above-median subscriptions per capita. ‘iBes€ontrols” and “Early Knowledge Controls” are those
listed in Tablel. For further detail see the notes to TabldRobust standard errors in parentheses:®0fd, ** p<0.05,
***p <0.01.
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Restricting the sample t8ubs > 0, and alternative definitions of subscriber density

In TableD.5 we check the robustness of our results on city growth to redtere definitions of
subscriber density and different samples. Panel A usesadard measure of subscriber density,
InSubDens, but restricts the sample to cities with positive subswig. Panel B uses subscriber
density without logs fubDens) in the full sample. Panel C employs the alternative debniti
InSubDens 2 which allows for variation across cities with zero subsergsee Appendi€.2). In

all cases, our results continue to hold: subscriber derssipsitively and significantly associated
with city growth over the 1750-1850 period, and the reladlaup is substantially weaker over the
pre-industrial period 1700-1750 (column 5).
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Table D.5:Encyclopédiesubscriptions and city growth: Alternative definitions aaanples

Dependent variable: log city growth, 1750-1850
1) (2) 3) (4) (5)
[unweighted] 1700-1750
Panel A:inSubDens = In(Subs/popi7s0 + 1). Only cities withSubs > 0

InSubDens 0.090 0.135* 0.117* 0.086 -0.069
(0.063) (0.051) (0.045) (0.044) (0.053)

Baseline Controls v v v v

Early Knowledge Controls v v v

R? 0.08 0.46 0.48 0.38 0.32

Observations 85 85 85 85 76

Panel B:SubDens = Subs/popi1750. Full sample

SubDens 0.021* 0.040** 0.040** 0.048** 0.002
(0.009) (0.009) (0.008) (0.008) (0.009)

Baseline Controls v v v v

Early Knowledge Controls v v v

R? 0.10 0.35 0.35 0.26 0.17

Observations 193 193 193 193 148

Panel C:inSubDens2 = In[(1 4+ Subs)/popi7s0]. Full sample

InSubDens2 0.061** 0.088** 0.086** 0.107* 0.003
(0.022) (0.018) (0.017) (0.019) (0.021)

Baseline Controls v v v v

Early Knowledge Controls v v v

R? 0.13 0.36 0.37 0.28 0.17

Observations 193 193 193 193 148

Notes All regressions are run at the city level, include a dummyHaris, and are weighted (except column 4) by city
population of the respective period. The dependent varistbg city population growth over the period 1750-1850.
Panel A uses our standard definition of subscriber dehsity.b Dens and restricts the sample to cities with positive
subscriptions. Panel B uses the definition of subscribesilemwithout logs SubDens = Subs/pop1750), and
Panel C uses a log-based specification that introducegieargcross cities with zero subscriptions §ubDens2 =
In((1 + Subs)/popi750)) — See AppendixX.2 for further description. “Baseline Controls” and “Early #nledge
Controls” are those listed in Table(column 5 controls for initial population in 1700 instead1af50). For further
detall see the notes to TalleRobust standard errors in parentheses<®d, ** p<0.05, *** p<0.01.
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Next, we check the robustness of our results for literacyaatditional controls. TablP.6 re-
peats the main regressions from Tall®dd columns correspond to the specification with literacy
only (as in column 1 in Tabl®&), and even columns present the full specification with atliad
tional controls and literacy (as in column 3 in Tab)e We also vary the sample and the measure
of subscriber density: columns 1-2 use our main measufbDens, but restrict the sample to
cities with positive subscriptions. Columns 3-4 use subscidensity without logs{ubDens) in
the full sample, and columns 5-6 uBeSubDens?2, which allows for variation across cities with
zero subscribers (see Appendix?). In all cases, subscriber density remains a strong padiét
city growth after 1750, while the coefficient on literacy isgative and in some cases significant,
confirming the findings in Tabl®.
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Table D.6: Alternative specifications of Tatie

Dependent variable: log city growth, 1750-1850

Subs. Density: InSubDens SubDens InSubDens?2
Sample: Subs>0 Full sample Full sample

(1) (2) (3) (4) 5) (6)
Subs. Density ~ 0.125* 0.154* 0.042** 0.048* 0.096** 0.10%**
(0.051) (0.051) (0.009) (0.010) (0.021) (0.021)

Literacy 1786 -0.315 -0.430* -0.187 -0.214 -0.219 -0.271
(0.167) (0.182) (0.144) (0.142) (0.138) (0.153)

INSTNBooksDens -0.020 -0.029 -0.016
(0.022) (0.024) (0.021)
InPrelndDens 0.707 1.217 0.861*
(0.629) (0.404) (0.398)
InDistanceCoal 0.078 0.015 0.036
(0.061) (0.045) (0.046)
Pays d’Eléction -0.127 -0.017 -0.081
(0.105) (0.072) (0.074)
InNoblesDens -0.172 0.166 0.129
(0.185) (0.111) (0.111)
Controls v v v v e a
R? 0.51 0.56 0.37 0.41 0.39 0.41
Observations 82 81 166 164 166 164

Notes All regressions are run at the city level, include a dummyRaris, and are weighted by city population in
1750. The dependent variable is log city population growtth750-1850. Columns 1-2 restrict the sample to cities
with positive subscriptions. “Controls” include the baselcontrols and early knowledge controls as listed in Table
1. For details onSubDens and the other explanatory variables see notes to Thb&andard errors (clustered at
the department level) in parentheses <1, ** p<0.05, *** p<0.01.

t Subs. Density represents three measures of city-levetsbbs density to the Quarto edition of tEacyclopédie
InSubDens in columns 1-2,SubDens in columns 3-4, andnSubDens2 in columns 5-6. For details on the three
measures see the text, as well as Se@idnAppendixC.2, and the notes to Tab[®.5.
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Discussion of Results for Control Variables

In Table5 in the paper, we included all additional control variablegether, so that multicollinear-
ity may potentially be the reason why most of them showedjmigcant coefficients. In Tablb.7,

we include these controls one-by-one. We confirm the refalts the paper: only pre-industrial
activity is positively and significantly associated witliycgrowth (column 1). This confirms the
findings in Abramson and BoiX2013, who show that in Europe overall, industrialization was
more likely to take place in territories with a proto-indimtbase?! Note that controlling for early
industrial centers does not alter the coefficient on subsciensity, suggesting that the two are
parallel, rather than competing explanations (recall eisoveak negative correlation between the
two measures in Tabl®. Comparing their magnitude, the standardized beta cosifeare 0.16
for pre-industrial activity, and 0.38 for subscriber déypsDistance to coal (column 2), the reach
of central institutionsfays d’élection column 3), and nobility density (column 4) are not sig-
nificantly associated with city growth. The latter is in limgh the historical evidence discussed
in Section2.2 that only a progressive subset of the nobility (which waseriikely to read the
Encyclopédigwas involved in industrial activity. Note also that whehadditional controls are
included together (column 4 of Tabk, the individual coefficients remain largely unchanged.

21This work builds on a large literature that has examinedgnetlustrialization — a change in the spatial organiza-
tion of the pre-industrial economy, when the rural laboc&increasingly engaged in market-oriented craft produacti
According toMendels (1972 seminal contribution, this process “preceded and preparedern industrialization
proper” [p. 241].Mokyr (1976 rejected this view and instead argued that proto-indalstgtion provided cheap “sur-
plus” labor that fueled industrializatior€oleman(1983 strongly criticized the literature on proto-industrztion,
arguing that its hypotheses do not fit the facts.
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Table D.7: Additional Controls: One-by-one

Dependent variable: log city growth, 1750-1850

(1) 2 3 (4)
InSubDens ~ 0.176* 0.178* 0.187* 0.176*
(0.038) (0.039) (0.040) (0.041)

Literacy 1786  -0.276 -0.179 -0.190 -0.208
(0.133) (0.149) (0.143) (0.144)

InPrelndDens  1.107**

(0.363)
InDistanceCoal -0.020
(0.039)
Pays d’Eléction -0.076
(0.065)
InNoblesDens 0.085
(0.135)
In(popinitiar) -0.067 -0.080 -0.086 -0.061
(0.040) (0.045) (0.045) (0.055)
Controls v v v v
R? 0.40 0.38 0.39 0.38
Observations 166 166 164 166

Notes All regressions are run at the city level, include a dummyRaris, and are weighted by city population in
1750. The dependent variable is log city population growtth750-1850. “Controls” include the baseline controls
and early knowledge controls listed in TallleFor details on the explanatory variables see notes to Tal3éandard
errors (clustered at the department level) in parenthesps:0.1, ** p<0.05, *** p<0.01.
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Literacy and city growth before 1750

We now shed more light on the relationship between literay Gty growth. First, we analyze
the pre-industrial period 1700-1750 in Tale8. For these regressions, we use the earlier literacy
rates in 1686 (which are highly correlated with those in 17A8&h a correlation coefficient of
0.84). Coefficients are clustered at the department levhe-geographical unit of observation
for literacy. TableD.8 shows that literacy is weakly positively (but only in colurBmmarginally
significantly) associated with city growth in 1700-50. Whihe relationship is too weak to lend
itself to interpretation, one explanation is the larger amance of medium-level worker skills in
traditional artisan manufacturing (cde Pleijt and Weisdoyf2014. Subscriber density is not
associated with growth prior to 1750, confirming our pregioesults.

Table D.8: City growth and literacy in the pre-industriatipe, 1700-1750

Dependent variable: log city growth, 1700-1750

1) 2) 3) (4)
[unweighted]
InSubDens 0.036  0.004 0.010

(0.038) (0.039)  (0.031)

Literacy 1686 0.274  0.265 0.327  0.202
(0.184) (0.183) (0.190)  (0.211)

Controls v ve
R? 0.05 0.06 0.22 0.13
Observations 126 126 126 126

Notes All regressions are run at the city level, include a dummyRaris, and are weighted
(expect for column 4) by city population in 1700. The deperid@riable is log city population
growth in 1700-1750. “Controls” include the baseline colgrand early knowledge controls
listed in Tablel (with the exception that here we control for population ir0DQ7nstead of
1750). For details oinSubDens, Literacy and controls see notes to TableStandard errors
(clustered at the department level) in parentheses:0.p, ** p<0.05, *** p<0.01.
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Check for complementarity between literacy and upperkadwledge

In TableD.9 we analyze whether there may have been a complementanigéetliteracy and
upper-tail knowledge during the period of French indug&ion. In column 1, we interact lit-
eracy rates with subscriber density and obtain a small,tivegand insignificant coefficient. In
columns 2 and 3 we split the sample into departments withvibedmd above-median literacy,
respectively. We find almost identical coefficients on subst density in both subsamples, indi-
cating that the relationship between upper-tail knowleaige growth did not depend on literacy.
This is in line with our discussion in Secti@x: literacy approximates medium-level worker skills
that were not a limiting factor in the adoption of industtethnology. In contrast, spatial variation
in the type of workers whaverecrucial — the small number of high-quality craftsmen at theyv
top of the worker skill distribution (engineers, instrunh@makers, and mechanics) — is unlikely
to be reflected by literacy raté$. Consequently, we do not expect a complementarity between
literacy and upper-tail knowledge.

Table D.9: Complementarity between literacy and uppéktawledge?

Dependent variable: log city growth, 1750-1850

1) (2) 3)

Sample: All Below Median Lit. Above Median Lit.
InSubDens 0.197** 0.186** 0.181**

(0.060) (0.044) (0.067)
Literacy 1786 -0.173

(0.209)
InSubDensx Literacy -0.040

(0.127)
Controls v v v
R? 0.38 0.40 0.38
Observations 166 87 79

Notes All regressions are run at the city level, include a dummyPRaris, and are weighted by city population
in 1750. The dependent variable is log city population glooser the period 1750-1850. “Controls” include the
baseline controls and early knowledge controls listed ida. For details orinSubDens, Literacy and controls see
notes to Tabld. Robust standard errors (clustered at the departmentitegelumn 1) in parentheses. *q.1, **
p<0.05, *** p<0.01.

2Note also the discussion in Sectid@that France initially lacked these high-quality craftspemthat progressive
entrepreneurs hired them from Britain. Thus, our proxy far presence of enlightened elites may itself reflect some
of the spatial variation in high-quality craftsmen.
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D.2 Additional Results for Soldier Height

We now show further robustness checks on our income andtiaimation regressions. Table
D.10reports results for average conscript height in the predly@&riod. We perform a similar
analysis as in Tabl6, but we now separately regress conscript heightiubDens (column 1,
4) and Literacy (columns 2, 5). Then, in columns 7 and 8, waghteiegressions by the number
of soldiers observed in each department. All our resullishetid: soldier height prior to 1750 is
positively associated with literacy, but not withSubDens.

Table D.10: Soldier height before 1750

Dependent variable: Soldier height in cm (controlling fgeand birth decade)

(1) (2) @) (4) (5) (6) (7) (8)

Weighted

Literacy 1686 1.170 1.050 1.135* 0.994 1.007* 0.989*
(0.540) (0.527) (0.558) (0.550) (0.433) (0.441)
InSubDens -0.045 0.113 0.013 0.117 0.049 0.062
(0.129) (0.116) (0.118) (0.117) (0.112) (0.111)

Baseline Controls v N v v
R? 0.05 0.00 0.06 0.14 0.15 0.16 0.08 0.13
Observations 77 87 75 77 87 75 75 75

Notes All regressions are run at the department level and includlimmy for Paris (Department Seine). The
dependent variable is average soldier height recordedtbegueriod 1716-49 and collected by Komlos (2005). To
account for variation in height and soldier age within thésipd, we control for age, age squared, and birth decade
(see Appendix.1). In 7-8 we weight regressions by the number of soldiers ppadment. “Baseline Controls” are
those listed in Tablé. For details on LiteracynSubDens and controls see the notes to TalbleOriginal city-level
variables are aggregated to the department level as dedénAppendixC.5. Robust standard errors in parentheses.
*p<0.1, * p<0.05, ** p<0.01.

D.3 Local Persistence and Alternative Proxies for Upper-Ta Knowledge: Sources and De-
tail
Scientific societies

Data on scientific societies are fravcClellan (1985. These include the year of foundation and
the number of ordinary members. Altogether, there were 86scin France hosting scientific
societies — all of them were founded prior to 1784, and 22 eirtlprior to 1750. In the results
presented in the paper and below, we use only those founaed@d 750. Using all 30 scientific
societies (i.e., including those that were officially regied after 1750, and before 1784) gives
very similar results.

In TableD.11we examine the relationship between early scientific sesdfounded prior to
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1750) andencyclopédissubscriptions. Column 1 shows that 91% of cities with anyestientific
society also had subscribers to tBecyclopédieas compared to 26% of all other cities reported
in Bairoch et al.(1988. Column 2 confirms this pattern: cities with scientific si@s had on
average 4.54 subscribers per 1,000 inhabitants, whikesaortithout scientific societies had 1.23.

Table D.11: Subscriptions and Scientific Societies

1) (2)
Scientific Society Subs. Dummy Subs pc
Yes 0.91 4.54
No 0.26 1.23

Notes This table analyzes the relationship between early séiesbcieties andEncyclopédiesubscriptions. Alto-
gether, there were 22 French cities with scientific sogdteinded before 1750. Column 1 shows the percentage of
cities with subscribers to thencyclopédigand column 2 shows subscriptions per 1,000 inhabitantgifies with

and without scientific societies. For details on scientificisties andEncyclopédiesubscriptions see Secti@il and
AppendixD.3.

Descriptions des Arts et Métiers

TheDescriptions des Arts et Métievgas a multi-volume publication entirely devoted to the “use
ful arts.” Its origin can be traced back to Jean-Baptisteb€d) who in 1675 requested the French
Academy of Sciences to write a detailed description of thelrarical arts. The idea was to con-
nect artisans with scientists so that they could mutualhefiefrom this interaction. However, only
when René-Antoine Ferchault de Réaumur became respofwilthee project in 1709, significant
progress was made, and the first volume was published in XT&pénter2011). Our data are
from the Neuchatel (STN) edition of tliescriptions des Arts et Métiessld from 1771 to 17833
The text covered a wide range of “useful arts” (from objedtdaily use such as candles or soap
to mathematical and astronomical instruments), and a lsagewas devoted to industrial activi-
ties (such as iron production, textiles, and various metadpcts). Similarly to thé&ncyclopédie
about 1,800 plates accompanied the text, illustrating teelanical art$?*

There are 40 French cities for which the STN reports saletw@Descriptions des Arts et
Métiers 80% of these cities also h&hcyclopédiesubscribers, and subscriber density was almost
four times higher than in the remaining cities (TabDld.2).

A similarly strong relationship holds between per capite@saf theDescriptions des Arts et

23Data available attp://chop.leeds.ac.uk/staccessed on 1 September 2014,

24TheDescriptions des Arts et Métievgas also a source of inspiration for thacyclopédieln some cases, the latter
were accused of copying from the former, resulting in clagfglagiarism. For more information on the relationship
between théescriptions des Arts et Métieasnd theEncyclopédieseeWatts(1952).

Appendix p.38


http://chop.leeds.ac.uk/stn/

Table D.12: Subscriptions ar@escriptions des Arts et Métiers

1) 2)
Descr. Arts et Métiers Subs. Dummy  Subs pc
Yes 0.8 4.23
No 0.24 1.08

Notes This table analyzes the relationship between sales ob#seriptions des Arts et Métieend Encyclopédie
subscriptions. Altogether, there were 40 French citied \pibsitive sales of th®escriptions des Arts et Métiers
reported by thé&BTEE (2012 project. Column 1 shows the percentage of cities with sifbsis to theEncyclopédig
and column 2 shows subscriptions per 1,000 inhabitantsjties with and without sales of tHeescriptions des Arts
et Métiers For details on th®escriptions des Arts et MétieedEncyclopédiesubscriptions see Secti@lin the
paper and Appendi®.3.

Métiersand subscriber density (columns 1-2 of Tabld 3), and this holds even when we restrict
the sample to the 40 cities with at least one registered $ale®escriptions des Arts et Métiers
(columns 3-4). Finally, columns 5-8 document the robustreéghe relationship between sales of
theDescriptions des Arts et Métieasnd city growth when including our baseline controls andgisi
different specifications: column 5 does not control forhiey and thus extends the sample; column
6 repeats our main regression from TaBléout does not include early knowledge controls); and
columns 7 and 8 confirm the robustness of the city growth tésulsing sales per capita without
logs.
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Table D.13:Descriptions des Arts et MétierSubscriber Density, and City Growth

1) (2) 3) 4) (5) (6) (7) (8)

Dep. Var.: InSubDens Log City Growth, 1750-1850

full sample ArtMétiers>0 [nolog] [nolog]
ArtsMét. Dens 2.071t* 2.653* 1.824* 2.428* | 0.449** 0.589* 0.280** 0.343**

(0.694) (0.770) (0.745) (0.779) (0.145) (0.157) (0.081) (0.093)

Literacy 1786 v v v v
Baseline Controls v/ v v v v v v v
R? 0.34 0.38 0.49 0.63 0.27 0.30 0.27 0.30
Observations 193 166 40 37 193 166 193 166

Notes All regressions are run at the city level, include a dummyRaris, and are weighted by city population in
1750. “Baseline Controls” are those listed in TatleFor further detail see the notes to TathlleRobust standard
errors (clustered at the department level in columns 2, dné.8) in parentheses. .1, ** p<0.05, *** p<0.01.

f “ArtMét. Dens” represents two measures of city-level salethe Descriptions des Arts et MétierArtMétDensin
columns 7-8, anthArtMétDensin all other columns. These are computed analogous.$abDens and SubDens,

respectively, as described in Sect@i
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Famous scientists

Data on “famous” people born in 1000-1887 are from thdex Bio-Bibliographicus Notorum
Hominum(IBN), as coded byle la Croix and Licandr¢2012. For each person, this includes the
city of birth, year of birth, profession, and city of deathheFe are 2,513 “famous” people that
worked in scientific professions (science, mathematicestry, physics, or medicine) whom
we identify in our sample by city of birth and/or city of birthl64 cities in our sample were
the place of birth and/or the place of death of at least onmdias scientist.” For each city, we
compute the density of famous scientists as In(1+famownssts/pop;sy), where we divide by
city population in 1750 because this is closest to the meanagfebirth of the “famous” individuals
(it also guarantees direct comparability with the way inettiinSubDens is calculated).

In Table D.14 we examine the relationship between subscriber densitytfamgresence of
famous scientists before 1750 (columns 1-2) and after 1¢blurins 3-4). In both cases the
two proxies for knowledge elites are strongly correlatezhftming our results from Tabl® in
the paper. In addition, we find a strong positive relatiopdieétween famous scientists per capita
bornin 1750-1887 and those born in 1000-1749, with a coefftadf 0.78 (std error 0.16) when all
baseline controls and a dummy for Paris are included. Tlogiges further support for a relatively
stable spatial distribution of scientific elites.

Table D.14:Encyclopédiesubscriptions and famous scientists born before and aft&d 1

Dep. var.: Density of famous scientists
1) 2) 3) (4)
Birth year 1000-1749 1750-1887

InSubDens  0.026* 0.024 0.093* 0.116**
(0.012) (0.014) (0.023) (0.024)

Controls v ve
R? 0.03 0.04 0.09 0.20
Observations 193 193 193 193

Notes All regressions are run at the city level and include a dunfonyParis. The dependent variable is (log) famous
scientists per capita. These are people listed inridex Bio-Bibliographicus Notorum Hominwwvhose profession

is related to science, mathematics, chemistry, physicsjeaticine. These data are fraae la Croix and Licandro
(2012. In total, there 614 famous scientists born in the period0:d749 and 1899 famous scientists born during
1750-1887. “Controls” include the baseline controls andydenowledge controls listed in Table For details on
InSubDens and controls see the notes to TalhleRobust standard errors in parentheses<9f, ** p<0.05, ***
p<0.01.
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Mobility of knowledge elites

A potential concern is that differential mobility of knovdge elites could affect our results. For
exampleBenedict(2005 documents that French elites (such as merchants and Fgille) were
more mobile than artisans or unskilled workers. If elitesenattracted to cities that experienced
more rapid growth after 1750, this could explain wirycyclopédiesubscriptions there were higher
in 1777-79. We implicitly addressed this issue by showinat tarlier proxies for knowledge
elites (pre-1750 scientific societies and Huguenots in 16@0firm our main results, which makes
reverse causality unlikely.

Here, we shed more light on the mobility of knowledge elitesing our data on “famous
scientists.” We begin by analyzing the average mobility hed 1,149 famous scientists in our
sample whose places of birth and deathlasth known. Among these, 52% were born and died
in the same city, and when excluding Paris, this number isgis ds 64%. Consequently, there
was a substantial degree of local persistence of knowlelitgs ever their lifetime — places that
bred more scientists also tended to keep them throughautities. Next, we use the full sample
of 2,513 “famous scientists.” Figui@.4 plots the number of famous scientists deceased against
the number of famous scientists born in each French city osample. Once Paris is excluded
(right panel), a tight relationship emerges: all obseoratiare close to the 4%ine. Since all our
regressions include a dummy variable for Paris, selectiggation of elites is unlikely to affect
our results.

Science Professionals in 1851

These data are from the 18Recensemepiublished by th&tatistique Général de Fran(i851).
They include department-level information on the numbepaxple in professions related to sci-
ence (medicine andommes de lettres et savantsor each department, we compute the density of
“science professionals” as In(1+science professionafsip ), where popks; is the total depart-
ment population in 1851.

Innovation exhibits in 1851

Moser(2005 coded data on innovations exhibited at the Crystal Palawdd® Fair in London in
1851. The database includes information on both patentéchanpatented innovations from 30
different industries, together with the city of origin oktlexhibitor. We match 1,261 exhibits with
our city database (78 cities display a positive number obwuations). For each city we define the
density of innovative activities as In(1+number of exrslpbpss).
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Figure D.4: Mobility of Knowledge Elites

Notes The figures plot a 45line together with the number of famous scientists by citpiat (horizontal axis) and
the number of famous scientists by city of death (vertica)ax‘Famous scientists” are people listed in theex
Bio-Bibliographicus Notorum Hominumthose profession is related to science, mathematics, strgnphysics, or
medicine. The data are frode la Croix and Licandr¢2012. In total, there are 2,513 famous scientists listed for
France over the period 1000-1887. For details on famounstssiie see Sectiob.l The left panel includes all cities;
the right panel excludes Paris.

D.4 Huguenots and Upper-Tail Knowledge: Sources and Detalil

Data on Huguenots are frodMours (1958. We use information on the Huguenot population
residing in 78 French department in 1670 and 1815. The highesbers of Huguenots are ob-
served in the departments of Charente-Maritime and Gargathie 10 we defineln HugDens g7
in the same fashion as the other department-level “densdyiables, i.e., relative to aggregate
department-level city population in 1750. While this pies direct comparability to the other ex-
planatory variables, total urban population in 1750 isityearough proxy for overall department
population in 1670. Unfortunately, the latter is not difgetvailable, and departments did not yet
exist. We thus provide the following alternative approxiioa: we extrapolate the department
level population back to 1700, by using the population ghofsdm total city population in each
department between 1700 and 1850, together with departeeitpopulation in 1831 (when it
is first available). Tabl®.15reports the results when using this alternative proxy fqragement
population to computér HugDens 21679. Our results still hold: Huguenot density is a strong pre-
dictor of upper-tail knowledge, but not of literacy (colugth+2) and it is positively associated with
city growth after 1750 (column 3), but not before (columnsd 8).

Finally, FigureD.5 shows that the department-level Huguenot population irblig8Xlosely
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Table D.15: City growth and historical determinants of upiad knowledge

Huguenots (alternative), subscriber density, and cityujno

1) (2) 3) (4) (5) (6)

Dep. Var.: SubDens Literacy Log City Growth

1750-1850 1700-1750
InHugDensZs7o 2.264*  -0.098 | 0.723* 0.363 0.457  0.400

(0.781) (0.308)| (0.331) (0.339) (0.348) (0.330)
InSubDens 0.159* 0.024
(0.041) (0.032)

Baseline Controls v v v v v v
R? 0.23 0.07 0.15 0.21 0.10 0.10
Observations 142 142 142 142 119 119

Notes All regressions are run at the city level and include a dunfiomyParis. “Baseline Controls” are those listed
in Table 1 (columns 5-6 control for initial population in 1700 insteafl 1750). InHugDens2i67¢ is calculated
using the alternative approximation for 1670 departmewnéllpopulation described in the text above. For details on
InSubDens, Literacy and controls see the notes to TableStandard errors (clustered at the department level) in

parentheses. *40.1, ** p<0.05, *** p<0.01

related to its counterpart in 1670 This implies that emigration (and conversion) after thevoayv
tion of the Edict of Nantes in 1685 was not systematicallgrager in some regions than in others.
Consequently, our use of Huguenot density in 1670 is a goaxdydor their (clandestine) presence

in the 18th century.

25After the French Revolution, Huguenots again gained eqghts as French citizens. The first year for which
a head count is available is 1815. According to the datdyrs (1958, the average number of Huguenots per
department declined from 11,310 to 5,640 between 1670 ah8l.18
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Figure D.5: Huguenot population in 1670 and 1815

Notes Data fromMours(1958. The figure shows that department-level Huguenot poprati 1815 is
strongly related to Huguenot presence in 1670.

Appendix p.45



D.5 Innovation, Knowledge Elites, and Productivity: Soure@s and Detail

This appendix complements Sectibr8 in the paper, providing detail on sources, methodology,
and additional results.

Firm-Level Data and Results

We use French firm level data fro@hanut, Heffer, Mairesse, and Postel-Ving@p00, who
cleaned and digitalized a survey of more than 14,000 firmginally conducted by th&tatistique
Générale de la Francever the period 1839-1847. The data are collected at thedissement
(sub-county) level, and categorize firms into 13 main mactufing sector$® Merging the 13
French and the 21 British sectors, we obtain 8 consistemis#¢ We then compute their innova-
tion index as the weighted average “share of inventive diifppm the British patent dat% Using
this index, we classify French sectors into “modern” andl;obased on above- vs. below-median
innovation index. Tabl®.16lists the resulting 8 sectors together with their innovatialex. The
dataset has about 630 (800) sector-arrondissement obeas/tor “modern” (*old”) sectors.

In our analysis, we use male wages as dependent variablese Tapresent the average daily
wages for men (recorded in centimes). We compute estaldisheize as the total number of
workers, divided by the number of establishments for each. fiTo control for agglomeration,
we include the log of total population, as well as the urbatim rate (both measured at the
department level in 1831). These data are fistatistique Général de Fran¢E878. In Table
12, we use information on the number of steam engines and otfggnes (which include water,
wind and animal engines), as proxies for an industry’s ddpece on energy-related up-front
investment. These figures are reporte@€hanut et al(2000.

British Inventions andEncyclopédiePlates

Data onEncyclopédiglates are fronthe Encyclopedia of Diderot and d’Alembert: collaborative
translation project® and from theARTFL Encyclopédie projeét For each volume, these sources
list all articles and plates of thEncyclopédieof Diderot and d’Alembert. Altogether, there are
2,575 plates, accompanying 326 entries. They containeleéernumbers and characters to match

26Typically, arrondissements map one-to-one into citiesinsample; only 2 arrondissements include more than
one city with observed population in 1750 and above-zersaiitions. The departments of Corsica, Savoie, Haute
Savoie and Territoire de Belfort are not included in the syrv

2’Some categories overlap, so that a consistent match ras8lisectors. Whenever there is more than one British
sector corresponding to a French sector, we compute a veeigiverage of the share of innovative output, where the
weights are the number of patents in the British sector.

28\We use the average, rather than the sum of “inventive ouhattes because otherwise aggregating many sectors
would mechanically raise their innovation index.

29Available athttp://quod.lib.umich.edu/d/did/index.html

30Available athttp://encyclopedie.uchicago.edu/
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Table D.16: Classifaction of individual industrial sectanto “modern” and “old”

(1) 2
Sector Name Innovation Sector
Index Type
Textile and Clothing 0.145 modern

Printing Technology, and 0.094 modern
Scientific Instruments

Furniture and Lighting 0.045 modern

Transportation Equipment 0.040 modern

Metal and Metal Products 0.039 old
Leather 0.018 old
Mining 0.017 old
Ceramics and Glass 0.012 old

Notes For each sector, column 1 reports the innovation in-
dex, obtained using data froMuvolari and Tartar{2011);
column 2 classifies sectors into “modern” or “old” manufac-
turing, based on the median of the share of the innovation
index. For details on the innovation index and on the French
industrial survey see Secti@3and AppendixD.5.
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the various parts of the figure with the text and the legend.alR@26 entries, we computed the
exact number of accompanying plates, and — where possib&ematched each entry with one of
the 21 British Industrial sector frofduvolari and Tartar{2011). In total, 156 entries accompanied
by 1,272 plates describe manufacturing technologies. Antbem, 103 entries (and 849 plates)
are dedicated to the “modern” sector. The number of plateepty varies substantially. For
instance, among all plates describing manufacturing, 3flesnhave only one plate, while the
entries “Clock Making” and “Turner and Turning Lathe” havke &nd 87 plates respectively.

TableD.17 shows that the sectors that we classify as “modern” had a sifanventive out-
put of 0.084 — more than five times higher than the figure fod™@lectors®® Column 2 shows
that more than two thirds of all plates dedicated to manufagg in theEncyclopédiedescribed
“modern” technologies.

Table D.17: Modern vs. old sectors: Share of inventive ougiod Encyclopédiglates

1) (2)
Share Invent. Share Plates
Output Encyclopédie
Modern 0.084 0.67
Old 0.016 0.33

Notes This table distinguishes between “modern”
and “old” manufacturing sectors, based on the me-
dian share of total “inventive output” frodduvolari

and Tartari(2011) (see Sectiom.3for detail). Col-
umn 1 shows the average share of total “inven-
tive output” for both manufacturing technologies.
Column 2 compares the share of plates describing
“modern” and “old” manufacturing technologies in
all Encyclopédigplates dedicated to manufacturing
(see Appendi®.5for sources and detail).

Finally, TableD.18 shows that our results in Tabldl in the paper are very similar when we
use the alternative measure of subscriber dergityDens (without taking logs).

310f course, this difference results from classifying thesetars according to above- and below-median share of
inventive output, as described in Appendhb.
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Table D.18: Alternative specification of subscriber dgnsitTable11 — SubDens no logs

Dep. Var.: log wages (by sector and arrondissement)

(1) (2) 3) (4) (5) (6)

SubDens 0.010*  0.010* 0.009** 0.007  0.004
(0.004)  (0.004) (0.003) (0.004) (0.006)

SubDens x Modern 0.019**  0.015* 0.012** 0.015* 0.016* 0.014**
(0.004)  (0.004) (0.004) (0.004) (0.005) (0.005)

School Rate 1837 0.248 0.233* 0.239** 0.167"
(0.070)  (0.072) (0.071) (0.069)
School x Modern -0.027  -0.035 -0.032 -0.007 0.016  0.051

(0.068)  (0.066) (0.069) (0.091) (0.100) (0.108)

EstablishmentSize ~ 0.055 0.045** 0.042** 0.046™ 0.04** 0.039*
(0.008)  (0.008) (0.009) (0.010) (0.010) (0.010)

Size x Modern -0.068* -0.031** -0.029* -0.030° -0.034* -0.034"
(0.011) (0.011) (0.014) (0.016) (0.015) (0.016)

Modern Sector 0.133

(0.036)
Sector FE v v v v v
Baseline Controls v v v v
Additional Controls v v v
Department FE v (v)
Arrondissement FE v
R? 0.13 0.22 0.35 0.37 0.49 0.58
Observations 1482 1482 968 844 844 844

Notes All regressions are run at the arrondissement level anddieca dummy for Paris (Department Seine). The
dependent variable is the log of average male wages actofisrad in a sectorj in arrondissement. There are
more than 14,000 firms in the sample (see Appeds). Firms a classified into 8 sectors, and the 4 most innovative
ones are categorized as “modern” (see Appendix Se®iérand TableD.16 for detail). Establishment sizes the
(log) average number of workers across all firmg andn. “Baseline Controls” and “Additional Controls” are those
listed in Tablel; we also control for (log) total department-level popuwatand urbanization rates (both in 1831) to
capture agglomeration effects. For each control variddd#) its level and its interaction with “modern” is included
SubDens is the number oEncyclopédiesubscribers per 1,000 city inhabitants in 1750. For detailsontrols see
the notes to Tabl&. Original city-level variables are aggregated to the adissement level as described in Appendix
C.5. Standard errors (clustered at the department level) ienpheses. * g 0.1, ** p<0.05, *** p<0.01.
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E Further Historical Background

E.1 French Institutions Before and After the Revolution

As we argued in the introduction, the fact that we use vanmesvithin France avoids many of the
problems common to cross-country studies. In particulagesFrance was a highly centralized
(and, until 1789, absolutist) state, regional variatiomstitutions or the rule of law was limited.
In the paper, we usepays d’électioras a rough proxy for the king’s reach in taxation. In the
following, we provide a more detailed historical discussad the judicial system, focusing on the
centralization of the rule of lavBraudel(1982 argues that

[B]y the thirteenth century, France was already the majodigzal unit of the conti-
nent...having all the requisite ancient and modern chagastics of a state: the charis-
matic aura, the judicial, administrative and above all fic#ad institutions, without which
the political unit would have been completely in€dBraude] 1982 p.323)

The king with hisconseilwas at the top of the royal judicial system. At the next letledre
were about 15 regional and provincial parliaments and asinBelow these followed approxi-
mately 400 local royal courts — calldxhilliagesin northern France angénéchaussé@ssouthern
France. These were responsible for appeals for non-nobteseclesiastics, and they were also
the first instance for disputes concerning nobles. Fintdly bottom of the pyramid abyal juris-
dictions was represented by about a thousand lower cddangcher2012 p.11), whose names
differed across regions (e.g., prévotés, vicomtés, ortleaies).

The judges of the royal justice system were generally fidiethe king Mousnier 1979
p.354), received the same training, and were closely madto The same is true for those of
the lower local courts — theeigneurialjurisdictions®? Seigneurial courts were ultimately subject
to the king’s justice, and their sentences could be appealedlyal tribunals Hamscher2012.
Graham(2011) observes that

[JJudges, lawyers and court officials received the samessoftraining during the eigh-
teenth century, whether they ended up working in royal glicisons or seigneurial ones.
Officials in the royal courts were reasonably effective imitaring their seigneurial coun-
terparts precisely because of their shared expertise anohaern to defend their mutual
interests.(Graham 2011, p.16)

Similarly, Muessig(2012 p.212) concludes thdby the 14th century at the latest, royal juris-
diction dominated, and the feudal justice seigneurialedbee subordinate to royal jurisdiction.”
Johnson and Koyam@014) describe how centralization was reinforced after civétdibances in

32Theseigneuriakourts were appointed by lords, or seigneurs, and exeraisi&il and criminal jurisdiction within
the limit of the seigneurie.
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the early 1650s (“Fonde”) had been put down. This was accaiegdy both a vast increase in
the number of government officials and efforts to align theoentives with the central govern-
ment, rather than the provinces. All this points to the cosicln that the institutional setting was
—in comparison to other countries — relatively homogenausss the different French regions. In
Grahans (2011 p.16) words*by the eighteenth century, there was in essence just orieraysf
justice in France: that of the king.”

During the French Revolution, the judicial system was Iprgeformed, and almost al\n-
cien Régimecourts were abolished. The revolutionary program inifigdlanned to institute a
new system relying mostly on informal mediation, rathemtlba formal law. However, after the
Reign of Terror, this distaste for legal formality faded gnand lawyers and formal courts were
re-instituted. A crucial change occurred during the Napoie period when key reforms were
implemented, establishing the institutions that stillreluéerize today’s French legal systéfAt
the bottom of the private judicial system were thibunaux de premiére instancehich had gen-
eral jurisdiction over all civil and criminal matters. Thext level was represented by theurs
d’appel which handled appeals from thr@bunaux de premiére instancEinally, at the top of the
judicial system was theour de cassatiofKessler 2010.

Most important for our study, if France was centralized bettie Revolution, it became even
more so thereafter. For examplelly states thatrevolutionaries installed one of the first systems
of direct rule ever to take shape in a large stat@illy, 199Q pp. 107-10). On the other hand,
among the early observers, Alexis de Tocqueville emphdslzat the French government was al-
ready “highly centralized” before 1789, and that in this dimsion, the French Revolution resulted
in “far fewer changes” than is usually supposdd Tocqueville1856 pp.ix, 20, 32-41).

E.2 Agricultural Productivity and Scientific Knowledge

Increasing agricultural productivity was crucial for irelalization because it enabled rapid pop-
ulation growth and increasing urbanization, due to thedasing availability of food for nonfarm
people. However, in this initial phase, the increase in fposbluction occurred without the ap-
plication of modern science. A®hnson(1997 p. 2) points out: “The application of scientific
knowledge, both basic and applied, to agriculture is a rreeeent, dating from the middle of the
19th century.” The beginning of agricultural research @dglly dated from the time of the work
of Justus von Liebig in agricultural chemistry in the 18408y that time, laboratory experiments
on agricultural research were founded around Europe (&iaice in England Lawes established

33An important difference with th&ncien Régimevas the introduction of a distinct public judicial systenhewe
private individuals could challenge state actions.

34His pioneering workOrganic Chemistry in its Relation to Agriculture and Physigy “launched the systematic
development of the agricultural scienceStheeweg200Q p.17).
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an experiment station and started the production of therphpsphate fertilizerHuffman and
Evenson2008. Innovations in the chemical industry led to large incesam yield per hectare
through the understanding of the critical role of nitrogeridod production and the introduction
of commercial fertilizer Huffman and Evensqr2008 Smil, 1997).

The pre-industrial period also witnessed significant iases in agricultural productivity. How-
ever, these did not require scientific knowledge. Instdaely twere “the result of the activities of
private individuals who had little formal research tragiifHuffman and Evensqr2008 p. 17).
Johnsor(1997 p. 7) reinforces this point: “[a] significant increase imébproduction in Western
Europe started well before the application of modern s@erferior to two centuries ago, food
production increased primarily as a result of more intemsise of land, rather than from increased
yields per unit of sown area of the principal grains.” SimijaGrantham(1989 p. 44) suggests
that until the mid-19th century, the growth of agricultupabduction depended more on “intensive
use of known technology than on novel methods.”

Increasing commercialization during industrializatiaggered changes in agricultural produc-
tivity through different channels. For example, Europeaners reacted to market opportunities
by increasing labor input and investment, and by choosinggmmarketable crops. Howevéark
(1987 shows that before 1850, work rates (rather than techncdbgnprovements) affected dif-
ferences in agricultural output across European regiossid.tata for BritainClark (1987 doc-
uments that the increase of agricultural productivity frd661 to 1841 was mainly due to labor
inputs, and that only 15% can be attributed to technicalgssy Similarly, analyzing detailed data
from France Grantham(1989 suggests that technical innovation contributed to therawpment
of agricultural production only after the 1840s, with theaduction of commercial fertilizers and
mechanical harvesting.

From the 1830s and 1840s farmers started to buy inputs lyifemtn the manufacturing indus-
try. This dramatically increased access to inputs compiar¢ioe pre-industrial period when they
would obtain seeds from their own harvest, manure from theistock, and grass to feed animals
from their own farm. In addition, the availability of cheajom fostered the use of better equip-
ment such as iron ploughs, drills, and reapers in agriailfpnoduction. However, none of these
productivity-enhancing methods introduced before theD$84quired advanced technological or
even scientific knowledge.
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Overview of the variables used in the paper (1/2)

Variable Name Variable Description Source

Explanatory Variables
Tsups dummy equal to 1 for cities with a positive number of subsaips Darnton(1973
InSubDens log of 1+ subscriptions per capita Darnton(1973
Tscient.Society dummy equal to 1 for cities hosting a scientific society befbr50 McClellan (1985
InMembDens log of 1+ per capita members of scientific societies befof017 McClellan (1985
T Arshretiors dummy equal to 1 for cities with sales of tBescriptions des Arts et Métiers McClellan(1985
InArtMétDens log of 1+ sales per capita of tli&escriptions des Arts et Métiers FBTEE (2012
Literacy percentage of men able to sign their wedding ceati in 1686 or 1786 Furet and Ozouf1977)
School Rate 1837 ratio of students to school-age populati@B837 Murphy (2010

Outcome Variables

log city growth log of city population growth over the indtea periods Bairoch et al(1989
Soldier Height pre-1750  average soldier height in cm in 17789 (dept level; cohort and age control{omlos (2005
Soldier Height 1819-1826 soldier height in cm (dept. level) Aron, Dumont, and Le Roy Ladurid972
In (disposable income) log disposable income in 1864 (depel) Delefortrie and Moric€1959
Industrial Output industrial output per capita in 1861 (dégvel) Statistique Général de Fran(¥861)
Industrial Employment industrial employment per capitd&®1 (dept. level) Statistique Général de Fran(¥861)
Wage Industry wage in industry in 1852 (dept. level) Goreaux(1956
Wage Agric wage in agriculture in 1852 (dept. level) Goreaux(1956

Wage modern/old wage in “modern” and “old” sectors in 18832 (arrond. level) Chanut et al(2000




Overview of the variables used in the paper (2/2)

Variable Name

Variable Description

Source

Baseline Controls

InPopinitial

Atlantic Port
Mediterranean Port
Navigable River
University

Paris

Non French Speaking
Printing press in 1500
In(Books Printed 1500)
Establishment size

Log population in 1831
Urbanization rate in 1831
Population in 1861

log city population at the beginning of the respective pério
dummy equal to 1 for cities located on an Atiaipbrt
dummy equal to 1 for cities located on ditderanean port
dummy equal to 1 for cities located on a nalvig river
dummy equal to 1 for cities hosting a universigfdre 1750
dummy equal to 1 for Paris or for the Seine department
dummy equal to 1 for cities located infR@mch speaking departments
dummy equal to 1 for cities who had atimg press in 1500
log of editions printed before 1500
log of number of workers per establistinnel839-1847 (arrond. level)
log total population in 1831 (depvek
urban population, divided byltptpulation in 1831 (dept. level)
total population in 1861 (dept. level)

Bairoch et al(1988

Dittmar (2019

Dittmar (2011

Dittmar (2011

Jedin et al(1970; Darby and Fullard1970

http://www.lexilogos.com/france_carte_dialectes.htm
Febvre and Martirf1958; Clair (1976

ISTC (2009

Chanut et al(2000

Statistique Général de Fran(¥878

Statistique Général de Fran(¥878

Statistique Général de Fran(¥851)

Additional Controls

INSTNBooksDens
Pays d’élection
InPreindDens
InDistanceCoal
InNoblesDens

log of 1+ STN book sales per capita

dummy equal to 1 for cities located ey d'éléction
log of 1+ pre-industrial centers per capita (dept. level)
log distance (in km) from the closest coal field
lot of 1+ noble families per capita (dept. level)

FBTEE (2012

http://fr.wikipedia.org/wiki/Généralité_(France)
Carus-Wilson(1966; Sprande(1968

Barraclough(1978

http://en.wikipedia.org/wiki/List_of French_margaiss#cite_note-1

Other Variables

InHuguenotsDens
InScientistsDens
InInnovationsDens

InScienceProf1851
Share Inventive Output

log of 1+ huguenots per capita in 1670 (dept. level)
log of 1 + famous scientists per capita in 1000-1887

log of 1+ innovations (exhibited at the Crystal Palace Eitiub
in London in 1851) per capita

log of 1 + people in scientific professions per capita in 18%ip(. level)

Mours (1958
de la Croix and Licandr2012
Moser (2005

Statistique Général de Fran(¥851)

measure based on reference-wdightents, adjusted for the sector-specifisluvolari and Tartar{2011)

frequency of patenting rates and citations

Share PlateEncyclopédie share ofEncyclopédiglates related to modern sectors, divided by total platetsp://quod.lib.umich.edu/d/did/index.html

dedicated to manufacturing

http://encyclopedie.uchicago.edu/
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